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Abstract 
A new technique for measuring hand volumes using Archimedes principle is described. The technique involves the 
immersion of a hand in a water container placed on an electronic balance. The volume is given by the change in weight 
divided by the density of water. This technique was compared with the more conventional technique of immersing an 
object in a container with an overflow spout and collecting and weighing the volume of overflow water. The hand volume 
of two subjects was measured. Hand volumes were 494 ± 6 ml and 312 ± 7 ml for the immersion method and 476 ± 14 ml 
and 302 ± 8 ml for the overflow method for the two subjects respectively. Using plastic test objects, the mean difference 
between the actual and measured volume was -0.3% and 2.0% for the immersion and overflow techniques respectively. 
This study shows that hand volumes can be obtained more quickly than the overflow method. The technique could find an 
application in clinics where frequent hand volumes are required. 
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Introduction  
 
Hand volume measurements are useful for patients who 
present with burns, rheumatoid arthritis, generalised 
lymphodema, or following mastectomy, soft tissue injury or 
surgery. For example, upper extremity swelling following 
breast cancer treatment is a frequent manifestation of 
lymphodema. Volumetric measurements of limbs have been 
used by therapists to determine volume changes in 
oedematous hands and legs1-3. 
Limb surgeons and occupational and physical therapists 
frequently have a need to measure swelling in order to 
monitor the extent and course of change in a patient’s limb 
during rehabilitation. Common methods of measuring hand 
volume are water displacement and geometric 
measurement4-5. A more sophisticated technique for 
measuring limb volume is the optoelectric limb volumeter 
(perometer) that has been shown to be as accurate as water 
displacement but faster and more convenient to use6. In 
principle, a perometer could be used to measure hand 
volume,  but  a  search  of Google Scholar failed to find any  
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references to measuring hand volume. 
The most accurate method of measuring hand volume 
would be X-ray CT or MRI, however these modalities 
would never be considered for routine volume 
measurements for a number of reasons, e.g. expense, 
ionising radiation in the case of X-ray CT and the length of 
time required to scan the patient and time and effort 
required to construct a 3D volume. Also, CT scanners and 
MRI are generally only available in regional centres and are 
heavily committed to imaging patients with acute rather 
than chronic medical conditions such as limb swelling. In 
this paper we report on a technique based on Archimedes 
principle that offers greater speed than more conventional 
methods of measuring volume by water displacement. 
Hughes7 demonstrated that an adaptation of 
Archimedes principle based on immersing an object in a 
container of water placed on an electronic balance could be 
used to measure the volume of an object with greater 
accuracy and precision than two conventional water 
displacement methods. In the paper by Hughes, PVC 
cylinders were suspended in a beaker of water placed on the 
pan of an electronic balance using a length of fishing line. 
In this paper the same technique is applied to the 
measurement of hand volumes although in this case the 
hand is still attached to the arm. 
Archimedes principle states that a body wholly or 
partially submerged in a fluid is buoyed up by a force equal 
to the weight of the displaced fluid8. Therefore, a supported 
object partially immersed in a container of water placed on 
a balance will be buoyed up by the displaced water, and this 
force will be manifested as an increase in the weight 
recorded  by  the  balance.  Assuming  a  density of water of 
1 g cm-3 the increase in weight is equivalent to the addition 
of an amount of water equal in volume to the part of the 
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Figure 1. A hand immersed in a water-filled container placed on 
an electronic balance. The hand was suspended in the water 
without contacting the bottom or sides of the container. The line 
drawn on the wrist can be seen at water level. The hand was held 
as still as possible. Note the overflow spout used to collect water 
in the overflow-volume section of the experiment. 
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Figure 2. Volume versus time plots of the successive immersion 
and withdrawal of the hand of two subjects. The electronic 
balance was connected to a PC via a serial connection. Two 
readings were acquired each second. (Note that the baseline falls 
between readings due to water adsorbed on the hands being taken 
out of the container between immersions). 
 
object immersed. This paper describes a pilot study 
performed to compare the accuracy and precision of a 
partial immersion method of measuring hand volume with a 
conventional overflow method.                                               
Material and methods 
 
In this study, the accuracy and precision of the 
immersion and overflow methods was assessed using an 
accurately machined PVC cylinder 9.25 cm in diameter and 
a Perspex cylinder 6.4 cm in diameter.  A metal hook was 
screwed into the end of the two cylinders and a length of 
fishing line attached to the hooks. A water container was 
placed on the pan of a Sartorius CP 4202 S* electronic 
balance with a capacity of 4 kg ± 10 mg. The balance was 
connected to a computer via an RS232 cable and 
measurements made twice per second using the 
HyperTerminal program that comes with the Microsoft 
Windows operating system. The cylinders were suspended 
by hand and kept as still as possible in an attempt to mimic 
the situation of immersing real-life hands where there is 
bound to be some movement. 
A felt-tip pen with water-proof ink was used to mark a 
line on one wrist of the subjects (SH and JL) (figure 1). 
This was arbitrarily chosen as being the first horizontal 
crease below the hand on the wrist. In all the experiments 
hands were immersed up to this line, care being taken not to 
touch the walls of the container. Each hand was immersed 
in a water-filled container placed on the electronic balance. 
Each hand was suspended in the water as still as possible. 
Each subjects’ hand was immersed five times and weights 
recorded twice per second. The data was loaded into 
Microsoft Excel and the hand volume taken as the 
difference in weight before and after each individual 
immersion (figure 2).  Each hand was dried with a paper 
towel between immersions. 
In the second part of the experiment, each hand was 
immersed in the same container with a waterspout. The 
container was first filled to a level above the bottom of the 
waterspout so that excess water flowed out of the spout. A 
few minutes were allowed for the water level to drop to the 
bottom of the spout and then each hand was immersed to 
the level of the wrist line, with care being taken to hold the 
hand as still as possible without touching the bottom or 
sides of the container. A few minutes were allowed for 
drips to stop and the volume of water collected weighed 
using the same electronic balance used in the first part of 
the experiment. Due to the length of time required to obtain 
each overflow volume, only three overflow volumes were 
obtained for each subject rather than five as in the first part 
of the experiment  
 
 
Results 
 
Table 1 shows the results for the immersion and 
overflow methods of measuring volume using Perspex and 
PVC cylinders immersed to a certain depth. The percentage 
error was defined as the difference between actual and 
measured volume divided the actual volume, multiplied by 
100. The mean difference between the actual and measured 
volume  was  -0.3%   and   2.0%   for   the   immersion  and  
 
*Sartorius AG , Weender Landstrasse 94-108 D-37075 
Goettingen, Germany,  www.sartorius.com     
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Table1. The partial immersion technique was validated using a 9.25 cm diameter PVC cylinder immersed to a 
depth of 2.5 and 5 cm, and a 6.4 cm diameter Perspex cylinder immersed to a depth of 5 and 10 cm. Each 
volume measurement is the average of two readings with the standard deviation shown. 
 
Cylinder Immersion 
depth (cm) 
Actual 
Vol (ml) 
Immersion 
Vol (ml) 
% error 
  
Overflow Vol 
(ml) 
% 
error 
2.5 168 168.28 ± 6.5 0.l7 193.71 ± 5.0 15.3  
PVC 
5  336 336.62 ± 6.0 0.18 313.09 ± 9.2 -6.82 
5  160.85 161.53 ± 5.8 0.42 164.4 ± 6.6 2.21  
Perspex 
10 321.7 315.45 ± 0.5 -1.94 313.56 ± 11.8 -2.53 
 
 
Table 2. Immersion hand volumes. 
 
Measurement No. Subject 1 Subject 2 
1 499.08 300.02 
2 493.12 312.69 
3 493.48 314.04 
4 485.40 318.21 
5 501.16 317.93 
Mean 494.45 312.58 
sd (ml) 6.15 7.42 
sd (%) 1.24 2.37 
 
Table 3. Overflow hand volumes. 
 
Measurement No. Subject 1 Subject 2 
1 489.69 304.57 
2 461.38 293.87 
3 478.28 309.98 
mean 476.45 302.81 
sd (ml) 14.24 8.20 
sd (%) 2.99 2.71 
 
overflow techniques respectively. These values were 
obtained by finding the mean of the % error columns in 
table 1. 
An example of a volume versus time plot obtained by 
the successive immersion and withdrawal of each hand is 
shown in figure 2. For both subjects the mean time to 
acquire a single immersion measurement was 16 s. The 
hand  volumes  obtained  from these plots are shown in 
table 2. Overflow hand volumes are shown in table 3. 
For subject 1, the immersion and overflow hand 
volumes were 494.5 ± 6.2 ml and 476.5 ± 14.2 ml 
respectively. The standard deviations as a percentage of the 
total volume were 1.2% and 3% respectively for immersion 
and overflow. For subject 2, the immersion and overflow 
hand volumes were 312.5 ± 7.4 ml and 302.8 ± 8.2 ml 
respectively. The standard deviations as a percentage of the 
total volume were 2.4% and 2.7% respectively for 
immersion and overflow. In each case the overflow hand 
volumes exhibited greater variation than the immersion 
volumes, although in the case of subject 2 the difference 
was smaller than for subject 1. 
Discussion 
Although based on only a few measurements, these 
preliminary results suggest that the partial immersion 
technique for measuring hand volumes has at least the same 
accuracy and precision as the overflow method, but 
possibly with the potential to produce more accurate and 
precise results. The speed of the technique compared to the 
conventional overflow technique could make it useful in 
situations where patients find it difficult to immerse their 
hand for the period of time required for the conventional 
overflow method. With a suitable container and a balance 
with  sufficient  range,  the  technique  could  be  adapted 
for measuring feet and limb volumes (i.e. forearm and 
lower leg). 
There are limitations in using water immersion to 
measure volume, for example this technique cannot be used 
on open wounds and a change of water is required between 
patients to avoid the transfer of infective agents. Also 
transferring water between containers can result in spilt 
water etc. However, the immersion technique is possibly 
less cumbersome than existing displacement methods, and 
therefore apart from acquiring actual volume measurements 
faster, time can be saved in equipment preparation. 
Conventional volumetry of the hand can be performed in 
about  45 s9,  in  this  study each measurement took about 
16 s, i.e. one third of the time. This technique holds out the 
possibility of increasing the number of volume 
measurements that can be made in a single visit to a clinic 
hence improving measurement statistics. 
Another limitation of the technique described in this 
paper is the difficulty of immersing the hand so that the 
water level aligns with the line drawn in the wrist, as can be 
seen from figure 1. A more reproducible way of marking 
the immersion line needs to be used – e.g. bony landmarks 
or a set distance from the tip of the 3rd finger. It is known 
that hand volumes change with posture (e.g. sitting, 
standing etc) and whether the hand is open or closed, 
therefore this needs to be taken into account. 
Since the immersion technique described in this paper 
is faster than the overflow method of measuring volume, 
the technique opens up the possibility of dynamic studies – 
i.e. changes in hand, feet or limb volume after certain 
interventions (e.g. administration of vasoactive drugs). 
However, this depends on some method being devised to 
hold the hand reproducibly in a stable position – maybe 
using  some  kind  of  stirrup   supported   by   a   thin   line,  
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allowing the hand to be stabilised at a certain depth. To 
increase the comparability of serial volume measurements, 
a digital camera could be used in conjunction with an 
electronic balance to ensure that the object is immersed to 
the same depth for each measurement. 
The cost of the electronic balance used in this study is 
about AUS $2,400 - relatively modest compared with many 
items of medical equipment, although significantly more 
expensive than a typical volumetry set which can be 
obtained for a few hundred dollars. However, an electronic 
balance is much cheaper than an optoelectric perometer# 
which costs of the order of AUS $50,000.  The experiment 
could have been performed using much cheaper electronic 
scales of the sort used in the catering industry. For example 
a set of scales 5 kg × 1g are available for AUS $120$, 
although this has  no  computer output. Assuming a small 
hand volume of ~ 300 ml (about the same volume as the 
smallest  hand  in  this study) this represents an error of 
only ~ 0.3%,  very  much  less than the standard deviation 
of the measurements. An electronic balance of this sort 
could be used for home volumetry and would be cheap 
enough  to  be used in less developed countries of the 
world. Balances used in the catering industry tend to be 
very reliable over periods of several years. Further studies 
are planned to measure the hand volumes of patients with 
hand edema using a catering style balance. Lette has 
pioneered the use of a volumeter that can be used to 
measure arm volume at home10 and has demonstrated the 
value of the device in enabling patients to customise their 
treatment11. Maybe the immersion technique using an 
electronic balance could be incorporated into a home hand 
volumeter.    
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